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Abstract 
Monodispersed SnO2 microspheres with diameter about 1 μm were successfully synthesized by solvothermal method at 180ć for 12h, 
using PEG as template, SnCl4Ь5H2O and urea as raw materials. Effects of concentration and molecular weight of PEG, hydrothermal 
temperature on the morphology of SnO2 microspheres were studied. The as-prepared samples were characterized by XRD and SEM and 
the formation mechanism of microspheres was discussed. Furthermore, the room temperature photoluminescence spectroscopy (PL) was 
investigated. The results indicate that the SnO2 microspheres are self-assembled by nanocrystals. PEG has a great influence on the 
morphology and diameter of microspheres while hydrothermal temperature and time influence the dispersity and uniformity. In the PL 
spectra, a broad band (320-450 nm) is exhibited and the stronger peak at about 406nm reveals the existence of defects in the samples. 
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1. Introduction 
Tin oxide(SnO2), an n-type semiconducting oxide with a wide bandgap (Eg=3.6 eV at 300K), has attracted much 
attention because of its applications in a wide range of areas such as gas sensors[1-4], Li ion battery[5], optoelectronic 
devices[6], catalyst supports[7], transparent conducting electrodes[8], antireflective coatings[9] and so forth. In the past few 
years, a wide variety of SnO2 nanostructures, such as nanoparticles[10,11], nanorods/nanowires[12-14],  nanotubes[15,16] 
hollow spheres[17] and mesoporous structures[18] have been prepared using sol–gel method [19], thermal-evaporation[20], 
laser-ablation[21], nonaqueous synthesis[18] and hydrothermal method[22, 23]. In this paper, monodispersed SnO2 
microspheres were prepared via a simple solvothermal method using PEG as a template. We systematically investigated 
various reaction parameters such as concentration and molecular weight of PEG, hydrothermal temperature and time, on the 
morphology of SnO2 microspheres. Studies found that the PEG has a great influence on the morphology and diameter of 
microspheres while hydrothermal temperature influences the dispersity and uniformity. By carefully controlling these 
experimental parameters, monodispersed SnO2 microspheres can be efficiently achieved. 
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2. Experimental Section  
2.1. Synthesize of the SnO2 microspheres 
All chemical reagents, tin (Č) chloride dehydrate (SnCl4Ь5H2O), urea ((NH2)2CO), Polyethylene glycol (PEG), Ethanol 
absolute (CH3CH2OH) and tetrahydrofuran (C4H8O) were commercial with AR purity and used directly without further 
purification. In a typical synthesis, 2 mmol of SnCl4•5H2O and 10 mmol of (NH2)2CO were dispersed into a mixed solution 
containing 30 ml of ethanol and 30 ml of tetrahydrofuran under stirring and the obtained solution was A. Solution B was get 
by introducing some PEG into a mixed solution containing 20 ml of ethanol, 20 ml of tetrahydrofuran and 10 ml of 
deionized water. Then, the solution B was introduced into solution A, dropwise, and stirred for 30 mins, followed by 
ultrasonic dispersion for 10 min. The resulting clear solution was poured into a stainless Teflon-lined 50 ml autoclave and 
heated to the preset temperature for 12 hours. After cooled to room temperature, the resulting white precipitate was 
collected by centrifugation, washed with ethanol for several times, and then dried. So SnO2 microspheres were obtained. 
Fig.1 is the flow chart of the experiment. 
 
Fig. 1. Flow chart of the experiment 
2.2. Characterization of the SnO2 microspheres 
The phase and purity of the sample was determined by an X-ray powder diffractometer (XRD, APEXII, Bruker Co., 
Germany) using Ni-filtered Cu Ka radiation ((λ= 1.542 Å)). Datas were collected at 2θ angels from 20° to 90° with a step of 
0.02°. The morphologies and microstructures of as-prepared samples were observed by field emission scanning electron 
microscopy (SEM)(FE-SEM, SU70, Hitachi Co., Japan). The room-temperature photoluminescence (PL) spectra of the 
samples were obtained using a fluorescence spectrophotometer (F-4500, Hitachi Co., Japan) and the excitation wavelength 
used in the PL measurements was 300 nm.  
3. Results and discussion  
3.1. Effect of PEG6000 concentration on the morphology of SnO2 microsphere 
Fig. 2 shows the FESEM images of the products prepared with different PEG6000 concentration in the reaction mixture, 
keeping the solvothermal conditions identical: 180˚C and 12h. It is found that the PEG6000 concentration affects the 
morphology evidently. As shown in Fig. 2a, the samples obtained without PEG6000 are irregular microspheres with 
diameters of ca.500nm consisting of numerous nanoparticles. When the PEG6000 concentration increase to 0.06mmol, in 
spite of some connected microspheres, well dispersed microspheres of diameters ca.1μm with smoother surface are obtained. 
For the PEG6000 concentration of 0.12mmol and 0.18mmol, more interconnected microspheres are observed and the size of 
microspheres increased. The result clearly reveals that the morphology of the products can be tuned by changing the 
concentration of PEG6000, and the concentration of 0.06mmol is advantageous to the formation of monodispersed 
microspheres. 
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a     b   
c     d   
Fig. 2. Evolution of SnO2 morphology with the increasing of PEG6000 concentration (a) without PEG6000  (b) 0.06mmol of PEG6000  (c) 0.12mmol of 
PEG6000  (d) 0.18mmol of PEG6000 
Fig. 3 shows typical XRD pattern of the synthesized products using 0.06mmol PEG6000 as a template. As can be seen 
from the XRD patterns, all the peaks can be indexed to the tetragonal rutile structure of tin oxide with lattice parameters a= 
4.737Å and c = 3.186Å (space group P42/mnm, JCPDS No. 41-1445). No characteristic peaks are observed for other 
impurities. The broadening of peaks indicates more fine crystalline grain, which is in good agreement with the 
nanocrystallines in enlarged SEM images. 
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Fig. 3. XRD pattern of the SnO2 microspheres synthesized with the PEG6000 concentration of 0.06mmol 
The solid structure of the synthesized SnO2 microspheres using 0.06mmol PEG6000 was confirmed by the TEM and 
HRTEM analysis, as shown in Fig. 4. The SnO2 microspheres with a diameter of ca.1­m are comprised of nanoparticles. 
The spacing between adjacent clear lattice fringes is 0.335 nm, corresponding the (101) planes of rutile SnO2, giving 
evidence that the nanoparticles are highly crystalline and the results are in consistent with the XRD result. 
 
Fig. 4 TEM and HRTEM images of SnO2 microspheres 
61 Xiuqing Qiao et al. /  Procedia Engineering  94 ( 2014 )  58 – 63 
3.2. Effect of PEG molecular weight on the SnO2 morphology 
Influences of the PEG molecular weight on the morphology of the SnO2 microsphere was also investigated while the 
concentration of 0.06mmol. Fig. 5 shows the typical FESEM images of the SnO2 products in the presence of polyethylene 
glycol (PEG) with different molecular weights. All the samples are microspheres with good monodispersity assembled by 
very fine nanocrystallines. A striking feature is that with the increasing of PEG molecular weights, the diameters of the 
microspheres increase and the sphericity become better.  
a     b    
c      d   
Fig. 5. Evolution of SnO2 morphology with the increasing of PEG molecular weight (a) PEG200    (b) PEG600     (c) PEG1000     (d) PEG20000  
                  
3.3. Effects of solvothermal temperature on the SnO2 morphology  
Temperature-dependent experiments were carried out at 140 ˚C, 160 ˚C and 200˚C keeping other experimental 
parameters constant. From the FESEM images in Figure 6a-d, it is evident that the reaction temperature is a key factor 
affecting the uniformity and dispersity of the microsphere. At lower temperature, some disintegrating slags are observed and 
the interconnection between microspheres is severe. When the temperature is higher, microspheres with more smooth 
surface and better dispersity are obtained.  
a           b    
c           d   
62   Xiuqing Qiao et al. /  Procedia Engineering  94 ( 2014 )  58 – 63 
Fig.6. Evolution of SnO2 morphology with the increasing of solvothermal temperature (a) 140˚C  (b) 160˚C  (c) 180˚C  (d) 200˚C 
3.4. The formation mechanism of the SnO2 microspheres  
PEG plays an important role in the formation of the SnO2 microspheres consisting of nanocrystallines, because such a 
well-defined microsphere was not obtained in the absence of PEG. As a non-ionic polymer, PEG contains many hydrophilic 
and hydrophobic sites, and the polymer chain has a very high flexibility due to the ease of rotation about C–O–C bonds, 
which has been used to synthesize many materials with special morphology [24-29]. So growth of the SnO2 microsphere is 
directed by PEG. The formation of SnO2 microsphere can be divided into three stages: First, SnO2 nanoparticles are 
prepared via the hydrolysis and polymerization of precursor. Second, the oriented aggregations are formed by binding PEG 
molecules to SnO2 nanoparticles. Third, the oriented aggregations are assembled into spherical structures through the 
minimization of total energy of the system.  
3.5. PL spectra of the SnO2 microspheres 
Fig. 7 shows the room-temperature PL spectra of the as-prepared SnO2 microsphere synthesized at 180 ˚C, using 
0.06mmol of PEG6000 as template. The excitation wavelength was 300 nm. A broad emission band is observed between 
330 nm and 500 nm and this may be due to other luminescent centers, such as nanocrystal grains and defects in the SnO2. 
The weak emission peak near 340 nm (3.62 ev) is the band-to-band emission peak of the SnO2 [30, 31] while the relatively 
stronger peak at about 406nm can be attributed to electron transition mediated by defects levels in the band gap, such as 
oxygen vacancies or tin interstitials in the obtained SnO2 microspheres [32, 33]. 
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Fig.7 RT PL spectra of SnO2 microspheres 
4. Conculsion 
In summary, monodispersed SnO2 microsphere self-assembled by nanocrystallines were obtained by varying the 
concentration and molecular weight of the PEG. A mechanism of oriented attachment assisted by PEG was proposed to 
account for the formation of SnO2 microspheres. The broaden RT PL spectra centered at ca. 406 nm illustrating many 
crystal defects in the synthesized SnO2 microspheres.  
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